Data resource basics
The measurement of health inequalities in Canada in conjunction with the social determinants of health has been limited by a lack of national-level linked population-based socioeconomic data and mortality microdata. 1 Prior to the creation of this Cohort, there was no population-based national cohort available for examining mortality by socioeconomic indicators in Canada. 2 Although several other linkage-based cohorts have been conducted in Canada, they are not easily generalized to the broader Canadian population because of small sample sizes, limited geographical focus, restricted universe or a combination of these constraints. [3] [4] [5] [6] [7] [8] [9] [10] In addition, given a lack of detailed place of residence information, few datasets are suitable for geographical linkage with environmental exposure data, limiting their use in environmental health and epidemiology.
In response to these limitations, a 1991-2001 Canadian Census mortality follow-up study was created for the purpose of developing a set of baseline indicators of mortality for monitoring health disparities in Canada. 2, 11, 12 Since the creation of the initial follow-up study, the linkage was expanded to include additional years of follow-up to the end of 2006, cancer incidence from 1969 through 2003, annual place of residence from 1984 through 2007, and a sub-sample of the Longitudinal Worker File from 1983 through 2010. [12] [13] [14] The dates of linked files vary depending on the availability for each data source. Together, these linkages form the basis of the 1991 Canadian Census Cohort.
The original 1991-2001 mortality follow-up study was approved by the Statistics Canada Policy Committee after consultation with the Statistics Canada Confidentiality and Legislation Committee, the Data Access and Control Services Division and the Federal Privacy Commissioner. 2 The follow-up study was approved additionally by the Research Ethics Committee at the University of Toronto and was reviewed by the Canadian Population Health Initiative, the Research Advisory Council of the Ontario Workplace Safety and Injury Board and the Institut national de santé publique du Québec. Subsequent cohort linkage extensions were approved by the Statistics Canada Policy Committee and reviewed by Health Canada.
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Data resource area and population coverage
The objective of the 1991 Canadian Census of Population was to enumerate every person residing in Canada on 4 June 1991. Coverage studies estimated that the 1991 Census missed 3.43% of the Canadian population. 16 The 1991 Census was composed primarily of two mandatory components, a short-form administered to all Canadians that covered demographic, household and family data, and a long-form that was administered to 20% of all usual residents in private dwellings with some exceptions. 17 Individuals were eligible for the Cohort if they were enumerated by the 1991 long-form Census questionnaire, and were aged 25 years or older on census day: 4 June 1991. The 3 576 487 respondents who met these criteria were considered the 'in-scope' population with potential for record linkage (Table 1) . After linkage to 1990 and 1991 tax data, 2 860 244 respondents could be followed for mortality. The original record linkage application specified that the final cohort be equal to approximately 15% of the Canadian population aged 25 years or older. As such, a random selection of respondents was eliminated, thus leaving a cohort size of 2 734 835 persons.
Survey frequency
The start of the follow-up period was considered to be Census day, 4 June 1991 (Figure 1) . A total of 426 979 deaths were ascertained for Cohort members between the start of the Cohort and 31 December 2006. These deaths included 17 268 only ascertained by the summary tax file, where corresponding deaths were not available via the mortality database or were unable to be linked. Cancer diagnoses were determined for 316 003 individuals between 1 January 1969 and 31 December 2003, with a total of 247 131 diagnoses occurring after the inception of the Cohort. The summary tax file was linked again during the extended follow-up and thus complete place of residence information was not available for all Cohort members, with 2 643 769 individuals followed between 1984 and 2007. By the end of 2013, the cancer, mortality and place of residence files will with follow-up to the end of 2009. These files will be extended again to 2011 as data become available.
The task of linking the Census to mortality records was challenging because 1991 Census electronic files did not contain names, but names were required to ascertain deaths from the mortality database. As such, a nominal names list taken from a historical tax summary file was used to bridge the Census and mortality files. This bridging file contained names, date of birth, postal code of residence, marital status and spousal / commonlaw date of birth, if applicable. The first step in constructing the Cohort was the removal of false-positives via deterministic linkage between the complete Census universe (long-and short-form) and the bridging file.
As most individuals would not have completed a longform (administered to a 20% sample of households), this step removed known short-form respondents (administered to all households) from consideration. The resultant 3 576 487 respondents were considered in-scope for inclusion in the Cohort. The in-scope Census records were then matched using probabilistic techniques to the remaining records on the name file for people aged 25 years and older. Overall, 80% (2 860 244) of the in-scope census records were matched to the name file, details of which were described elsewhere. 2 These methods have been shown to have a high level of accuracy. 18 Then, the Cohort was linked using standard probabilistic linkage techniques to the Canadian Mortality Database from 1991 to 2006, the Canadian Cancer Database from 1969 to 2003 and the Historical Tax Summary Files from 1984 through 2007. 19 The tax file linkage was able to use updated annual information reported on tax files including deaths (date of death), name changes and annual place of residence (postal codes). Respondent locations were estimated via a representative coordinate point derived from the residential postal code and postal code conversion files. 20 Additional linkage to the 1983-2010 Longitudinal Worker File was enabled by a sub-sample of encrypted Social Insurance Number (SIN). Linkage to the Health and Activity Limitation Survey was possible via a shared internal respondent identifier between the Census and the Health and Activity Limitation Survey. 2 Given the probabilistic nature of the linkage methods, some groups are under-represented in the Cohort. Table 2 shows the in-scope Census respondents, the persons in the Cohort and a calculated linkage ratio to the Canadian Mortality Database. In-scope and Cohort population counts are rounded to base 5 using controlled rounding. 32 The linkage ratio is calculated as the ratio of unlinked in-scope records by Cohort members, by the percent distribution within each category, by sex. Females have a linkage ratio of 1.09 compared with 0.91 for males, indicating that females were 1.09 times more likely to not be matched. Linkage ratios for other categories are calculated by sex. For example, the linkage ratios for the lowest income quintile of males is calculated as the ratio of unlinked respondents in the lowest income quintile (0.21) divided by the ratio of respondents in the lowest income quintile (0.17), resulting in a linkage ratio of 0.72. For females, those over 45 years of age, who were never-married, divorced, separated or widowed, had less than a secondary education, were not in the labour force, were in lower income quintiles or reported at least one Aboriginal ancestry were the least likely to be linked. For males, those under 45 years of age, who were never-married, divorced, separated or widowed, had less than a secondary education, were unemployed, were in lower income quintiles or reported at least one Aboriginal ancestry were the least likely to be linked.
The overall ascertainment of mortality and cancer is strong, as evidenced from the correspondence between survival and incidence curves for all of Canada and the Cohort (Figures 2 and 3) . 
Measures
The 1991 Census Cohort includes nearly all content from the long-form questionnaire, including education, occupation, labour market and income, ethnicity/race and Aboriginal ancestry, place of birth, citizenship and immigration, language, residential mobility, marital status, living arrangements, housing, place of work and activity limitations. Numerous additional variables for different occupational coding, income quintiles, and Aboriginal ancestry were derived using results from the Census and provided as a supplementary file. Mortality data include the underlying cause of death coded from vital statistics, date of death, sex and place of residence at death. diagnosis, diagnosis date, sex, place of residence at registration, diagnosis site, topography, morphology, laterality and date of death if applicable. Place of residence data are obtained from a person-oriented historical tax summary file and include the last year of taxes filed, six-character postal code of residence indicated on tax returns, marital status, emigration status and death status (where available). The Longitudinal Worker File is a matched employer-employee data set composed of information from personal income tax files, the record of employment, the statement of remuneration paid, and information from the Longitudinal Employment Analysis Program, which allows workers to be tracked longitudinally. This file includes information including age, year of death, province of residence, province of work, employment income and reason for job separation.
Data resource use
To date, the Cohort has been used to examine mortality outcomes by different socioeconomic indicators, occupational categories, sub-groups of the population and exposure to ambient air pollution. Cancer Registry Census Cohort Figure 3 Age-standardized incidence rates from the Canadian Cancer Registry compared with the 1991 Canadian Census Cohort, by sex, by selected sites lower socioeconomic status had the shortest life expectancy regardless of whether status was determined by education, income, or occupation. 2 Comparing the individual-level Cohort data to unlinked area-based data for the 1991-2001 mortality cohort, Pampalon et al. 23 found that an individuallevel index of socioeconomic deprivation yielded wider gaps in life expectancy than did an area-based version, and that the divergences between area and individual levels of deprivation were greater for women than for men. Other studies using this cohort examining mortality using either individual or composite socioeconomic indicators have consistently shown a large mortality gradient. 2, 23 However, this gradient differed by cause of death, with those causes associated with smoking having the steepest gradients. [25] [26] [27] [28] Another study found that respondents who were homeless and marginally housed had mortality rates substantially higher than the rates observed in the lowest income quintile, which suggested that living in shelters, rooming houses and hotels was associated with much higher mortality than would be expected on the basis of low income alone. 28 Among population groups, mortality rates of First Nations and Métis adults were substantially higher than non-Aboriginal people and this mortality disadvantage persisted after taking into account differences in socioeconomic status. [29] [30] [31] The Cohort has also been used to examine mortality outcomes of immigrants to Canada. 22, 25 Results have suggested a healthy immigrant effect where the mortality rate was smaller for recent immigrants compared with those who have resided in Canada for a longer time. Results also showed that there was considerable heterogeneity among the immigrant groups, suggesting the importance of examining each group separately. 22 The addition of annual place of residence via the residential six-character postal code has allowed for the analysis of health outcomes and environmental exposures. In the first national-level study of air pollution and mortality, Crouse et al. 24 showed that mortality was associated with long-term exposure to particulate matter sized <2.5 m in diameter (PM 2.5 ). Associations were observed with exposures to PM 2.5 that were predominantly lower than those reported previously. This study has been followed with a programme of research to examine the health effects of air pollution exposure within specific cities and to examine in more detail the relationship between socioeconomic characteristics and exposure.
This Cohort has demonstrated that use of individual-level variables collected via the Census are better able to detect small to moderate effects sizes compared with analysis conducted using area-based variables. For example, research using the Cohort has shown that mortality gradients by individual-level income are steeper than those obtained by a neighbourhood-income approach. 23 To this extent, the 1991
Canadian Census Cohort provides an enhanced source for conducting detailed analysis of population subgroups, uncommon causes of death and more detailed cancer typologies.
Strengths and weaknesses
The Cohort is the largest population-based cohort in Canada, enabling the examination of rare causes of death and small population groups. These strengths have enabled the examination of population groups for which data are not readily available, including Métis, urban Aboriginal adults and the homeless and marginally housed population. [28] [29] [30] The approval allows for a long follow-up period, which is required for cancer outcomes that can have long latency periods. The size and length of follow-up provide for improved statistical power given the large number of events. For instance, this has enabled the investigation of detailed occupational sub-groups and specific cancer sites. 34 Multilevel analysis is also made possible given the data structure and richness of the census questionnaire.
Annual residential mobility is also available for most Cohort members, allowing a wider range of analysis and linkage to environmental exposure via the use of postal code representative points. For each year of follow-up, a postal code of residence is available for respondents who filed taxes for the previous year. Using the postal codes, the representative point (latitude and longitude) can be determined as well as the relevant geographical codes. 20 From these geographical coordinates, a wide range of environmental data can be linked to respondents using spatial techniques such as those used in air pollution modelling. 24 The 1991 Canadian Census Cohort is limited to individuals aged 25 years and older at the time of the 1991 Census, excluding institutional residents (at baseline), those who did not file taxes in 1990 or 1991 and persons who were not enumerated by the 1991 long-form Census. Results have shown that the Cohort has a somewhat lower mortality rate than the Canadian population in general, and that this differs by selected socioeconomic characteristics. 2 Because of the high response rate and large number of individuals followed, the Cohort remains broadly representative of most groups in the Canadian population. Most socioeconomic variables are known only at baseline (1991) even though some characteristics may change over time (e.g. family status, income). Information on behavioural characteristics that are important risk factors for health status, such as smoking, drinking, and diet, are not available from the Census, although methods have been developed to indirectly or directly adjust for these characteristics. 10, 33 Additionally, the Cohort was not disease-free at the date of inception and some respondents may have had certain existing underlying causes that contributed to mortality. 
Data resource access
KEY MESSAGES
The 1991 Canadian Census Cohort is the largest population-based cohort in Canada, enabling the examination of rare diseases and small population groups.
The Cohort has shown consistent gradients in longevity and mortality by individual-and area-based socioeconomic characteristics.
Mortality gradients calculated from these linked data are more defined than those calculated using area-based equivalents.
